It is still unclear how humans control mediolateral (ML) stability in walking and even more so for running. Here, foot placement strategy as a main mechanism to control ML stability was compared between walking and running. Moreover, to verify the role of foot placement as a means to control ML stability in both modes of locomotion, this study investigated the effect of external lateral stabilization on foot placement control. Ten young adults participated in this study. Kinematic data of the trunk (T 6 ) and feet were recorded during walking and running on a treadmill in normal and stabilized conditions. Correlation between ML trunk CoM state and subsequent ML foot placement, step width, and step width variability were assessed. Paired t-tests (either SPM1d or normal) were used to compare aforementioned parameters between normal walking and running. Twoway repeated measures ANOVAs (either SPM1d or normal) were used to test for effects of walking vs. running and of normal vs. stabilized condition. We found a stronger correlation between ML trunk CoM state and ML foot placement and significantly higher step width variability in walking than in running. The correlation between ML trunk CoM state and ML foot placement, step width, and step width variability were significantly decreased by external lateral stabilization in walking and running, and this reduction was stronger in walking than in running. We conclude that ML foot placement is coordinated to ML trunk CoM state to stabilize both walking and running and this coordination is stronger in walking than in running. 26 Here, foot placement strategy as a main mechanism to control ML stability was compared between 27 walking and running. Moreover, to verify the role of foot placement as a means to control ML stability in 28 both modes of locomotion, this study investigated the effect of external lateral stabilization on foot 29 placement control. Ten young adults participated in this study. Kinematic data of the trunk (T 6 ) and feet 30 were recorded during walking and running on a treadmill in normal and stabilized conditions. Correlation 31 between ML trunk CoM state and subsequent ML foot placement, step width, and step width variability 32 were assessed. Paired t-tests (either SPM1d or normal) were used to compare aforementioned 33 parameters between normal walking and running. Two-way repeated measures ANOVAs (either SPM1d 34 or normal) were used to test for effects of walking vs. running and of normal vs. stabilized condition. We 35 found a stronger correlation between ML trunk CoM state and ML foot placement and significantly higher 36 step width variability in walking than in running. The correlation between ML trunk CoM state and ML 37 foot placement, step width, and step width variability were significantly decreased by external lateral 38 stabilization in walking and running, and this reduction was stronger in walking than in running. We 39 conclude that ML foot placement is coordinated to ML trunk CoM state to stabilize both walking and 40 running and this coordination is stronger in walking than in running. 52 The foot placement strategy is the main mechanism to control medio-lateral (ML) stability in walking and 53 running [4][5][6][7][8]. External lateral stabilization by means of a spring-like construction reduces ML CoM 54 movement [9] and this coincided with a 24-60% reduction in step width in walking [9-11] and 30-45% and 55 12.3% reductions in step width variability in walking [10, 11] and running [1], respectively. The 56 coordination between CoM movements and step width is reciprocal, i.e. constraining CoM kinematics 57 leads to adjustments of foot placement, but constraining foot placement also leads to adjustments of 58 CoM kinematics [12, 13]. This coordination between CoM displacement and foot placement is reflected 59 in correlations of the CoM position and velocity during the swing phase with the subsequent foot 60 placement [14][15][16]. The active nature of the control of ML stability through foot placement is supported 61 by studies on the effects of sensory illusions induced by vibration [17], or visual perturbations [18] on this 62 correlation, by studies that have related ML foot placement to swing phase muscle activity in control 63 participants [19], and by studies that reported a weakened correlation in patients with neurological 64 disorders [20, 21].
106 Participants completed 8 trials, each trial with a duration of 5 min. Trials were separated by a resting 107 period of approximately 5 min. 108 2.3. Experimental set-up 109 A light-weight frame (mass = 1.5 Kg, see Fig 1. ) was used for the external lateral stabilization condition, it 110 was attached through a belt around the waist. Two sliders on both sides allowed participants to rotate 111 their pelvis relative to the frame in the transverse plane, with minimal friction. Two stiff ropes attached 112 to the frame on either side, joined each other at 0.5 m from the frame, providing space for free arm swing.
113 From this junction, springs were attached to a slider on a vertical rail, which in turn was connected to two 114 horizontal rails placed at the height of the pelvis of the participant. Thus, the set-up did not restrict 115 movement in vertical and AP directions, nor rotations about the vertical axis, and transverse spring forces 116 acted approximately at the level of the CoM during walking and running trials (Fig 1.) . Springs with spring 117 stiffness of approximately 1260 N/m were selected in this study since in a previous study no significant 118 reductions of energy cost, step width, and step with variability were found beyond this stiffness [11] . 
157 with and being the regression coefficients, the error, and i the indicator of the % of swing phase β1 β2
158 that was used for the prediction. Using ML trunk CoM state time-series during the preceding swing phase, 159 the prediction of subsequent ML foot placement was repeated for each percentage of the swing phase.
160 Therefore, our main outcome was the R 2 time-series between predicted and actual foot placements.
161 Mean and variability of step width were calculated for each trial.
Step width was defined as the mean of 162 the distances between ML foot placement, and step width variability was defined as the standard 163 deviation thereof. The procedure for data processing is illustrated in Fig 2. .
Fig 2. goes here
165 Energy costs were also measured during all conditions. Reduced energy costs in stabilized conditions 166 would support that the control of ML stabilization requires energy consumption and differential effects 167 between walking and running might indicate differences in these costs between these modes of 168 locomotion. Since energy cost is not directly related to foot placement strategy, which is the main focus 169 of this study, all the information about this parameter can be found in supplementary material. Flow of data processing adopted in this study.
Figure 3
The % of nonsignificant β 2 's during normal and stabilized conditions in walking and running trials per each % of swing phase.
Figure 4
The ability of ML trunk CoM state to predict subsequent ML foot placement (R 2 ) during normal (solid) and stabilized (dashed) conditions in walking (blue) and running (green).
The shaded regions indicate standard error of R 2 .
Figure 5 Figure 6
The effect of external lateral stabilization on (A) step width and (B) step width variability.
Condition effect: The effect of external lateral stabilization on (A) step width and (B) step width variability in walking and running. # represents the significant differences of step width and step width variability between normal and stabilized conditions (based on the results of Bonferroni post-hoc tests). * represents the significant differences of step width and step width variability between normal walking and running (based on the results of paired t-test).
The error bars represent the standard deviation. The differences of external lateral stabilization effect on R 2 between walking and running. The shaded areas indicate significant effects in the corresponding portion of the swing phase.
